Background: Intraoral digital scanning could offer a win-win clinical pathway for both doctor and patient, but many factors can affect its accuracy. This study was designed to investigate the effect of the scanning number on the precision of digital impression in different gypsum models. Materials and methods: 30 standard gypsum models were divided into group A, B, C, D and E. Each group was scanned with 400 and 1000 pictures by Trios. Then Using the three-dimensional preview function to compare the fitted images and to measure the distance between markers: the buccal-lingual thickness of maxillary central incisors, the length from the medial to the distal of buccal cusps of maxillary second molars, the crown width of mandibular central incisors, the buccal-lingual thickness of maxillary central incisors requiring a veneer, and the buccal-lingual width of the inlay of the mandibular first molar. Results: The scanning time of 1000 scanning number groups were significantly prolonged and the efficiency of 3D reconstruction was significantly reduced. But obvious image stitching distortion could be observed in these groups compared with 400 scanning nu mber groups. What's more, the compare of measured values in each 400 and 1000 scanning number group was all statistically significant. Conclusion: The data splicing caused by the excessive scanning number may influence the digital impression accuracy. Trios scans 400 pictures was with higher scanning accuracy than scanning 1000 pictures.
Introduction
With the development of science and technology, great changes have taken place in dental medical equipment and technology [1] . Digital technology has been rapidly disseminated in the field of stomatology [2, 3] . Fast and accurate digital impression acquisition technology is the inevitable trend of future development. Digital impressions produced by intraoral and extraoral are two entry points for data acquisition. The extraoral method transfers clinical information to technicians by scanning impressions or plaster models for prosthetic reconstruction [4] . But, in the process of making impression and pouring gypsum model, it is unavoidable to produce the shrinkage of impression material, expansion in the process of gypsum hardening and various human factors, which ultimately decrease the accuracy of the digital model. Therefore, the precision of the prosthesis produced by direct method is better than that made by traditional impression [5, 6] .
In 1987, Sirona successfully developed the first set of in-mouth digital impression system CEREC [7] . After more than 30 years of development, digital impression technology has made rapid progress. are widely used in the field of prosthodontics [8] . In 2014, the Trios intraoral scanner (3 Shape Incorporated, Denmark) entered the Chinese market. Trios do not need to be sprayed in the oral cavity in advance, which provides great convenience for obtaining the intraoral digital model.
Since intraoral scanning impression technology became more and more widely available, more clinical studies should be performed to found out the appropriate parameters for clinical practice of intraoral scanning technology. Scanning number is one of the important parameter which not only has an effect on the efficiency of clinical practice, but also has an effect on the accuracy of the 3D reconstruction model. Theoretically speaking, more scanning number for a model will offer more details which will increase the accuracy of the digital model. But, is it true and necessary to do so? This paper mainly evaluated the appropriate parameters of scanning number for the accuracy of digital model by the Trios.
Materials and Methods
In order to avoid other effect from intraoral situation, 30 gypsum models in five conditions were collected and divided to 5 groups. Before scanning, these standard gypsum models were prepared and cleaned to ensure that there were no impurities in the models.
The scanning process was as flowing (Figure 1a) . Connected Trios correctly, selected the research model function and entered the scan interface. The scanner was placed on the lingual side of the middle incisor, at an angle of 45° to the teeth. After starting the scan, the scanning gun moved slowly to the distal of the dental arch. During the movement, it always faced the teeth at a 45° angle. After bypassing the distal surface of the second molar, the scanning gun was slowly moved back from buccal side of the second molar to the middle line of the dental arch. Scan the other side of the dental arch in the same way and control the number of scanned sheets to 400 pictures. We measured the buccal-lingual thickness of maxillary central incisors, the length from the medial to the distal of buccal cusps of maxillary second molars, the crown width of mandibular central incisors, the buccal-lingual thickness of maxillary central incisors requiring a veneer, the buccal-lingual width of the inlay of the mandibular first molar. Each model was measured three times and recorded as A1, B1, C1, D1, and E1.
Scanned the same model in the same way with a slower scanning speed, increased the image stitching, and controlled the number of scanned sheets to 1000 sheets as A2, B2, C2, D2, E2.
Statistical Analysis
The paired t-test was used to compare the differences between the two groups. Data was shown in mean ± standard deviation in each group. The test level α was set to 0.05. P <0.05 was considered statistical significant.
Results

The effect of scanning number on the precision of digital impression of natural tooth
The 1000 scanning number groups caused more time while the reconstruction process of 400 scanning number groups were more smoothly. What's more, splicing distortion could be obviously observed in the 1000 scanning number groups in the 3D reconstructed models. Especially, the distortions in the labial side of the crown and gingival of maxillary incisor in A2, the occlusal surface in B2, the labial side of the crown in C2 were severed compared with the 400 scanning number groups (A1, B1, C1) (Figures 2-4) . The differences of scanning data between the three groups were: 7.221 ± 0.010mm (A1), 6.768 ± 0.069mm (A2). 5.839 ± 0.06mm (B1), 5.524 ± 0.025mm (B2). 4.802 ± 0.036mm (C1), 4.332 ± 0.044mm (C2) (Supplementary file 1). They were all statistically significant (P <0.001). All of these suggested that 1000 scanning number required more time but it could not offer a more smoothly scanning process and induced distortions in the reconstruction of 3D models. 
The effect of scanning number on the precision of digital impression of maxillary central incisors requiring a veneer
D2 in the anterior veneer preparation group could not offer more details of the prepared teeth, but it caused more time in the scanning process. And the distortion could be found in the ridge of the labial and lingual side of the crown in maxillary central incisor ( Figure 5 ) which could affect the esthetic outcome and caused restoration failure of the veneer. What's more, the difference of scanning data between two groups was: 7.23 ± 0.026mm (D1), 6.932 ± 0.020mm (D2) (Supplementary file 1) . The difference of measurement was statistically significant (P <0.001). 
The effect of scanning number on the precision of digital impression of mandibular first molar inlay
Similar to group D, E2 in inlay tooth preparation group also didn't display more image details, but it took longer time than group D, and the reconstruction efficiency was poor. The distortion also could be found in the buccal side of the crown. The difference of scanning data between the two groups was: 6.568 ± 0.022 (E1), 6.368 ± 0.023 (E2) (Supplementary file 1) . The difference of measurement was statistically significant. (P <0.001) (Figure 6 ). This distortion in the 1000 scanning number groups would cause incompatibility which affected product efficacy adversely or induced restoration failure.
Discussion
Theoretically speaking, more scanning number for a model will increase the accuracy of the digital model. In this study, we explored the appropriate parameters of scanning number for producing the accuracy of digital impression in clinical practice. We found that 1000 scanning number groups could not offer more details compared to 400 scanning number groups, and it could cause 3D reconstruction distortion and longer scanning time all of which could induce esthetic out problem and restoration failure.
In 1985, Professor Werner Mormann put forward the concept of digital impression for the first time; a new technology of impression making based on digital idea came into being [9] . Researchers [10] studied the edge vertical distance of 30 right maxillary second premolars made by traditional impression method and digital impression method. The results showed that the edge adaptability of single crown by digital impression method was better than that of traditional impression method. The scholars compared the intraoral digital model obtained by Trios with the intraoral model prepared by silicone rubber, and the results showed that there was no significant difference between them. It was considered that the accuracy of intraoral scanning digital impression can reach the clinical standard [11] .
Ultrafast Optical Sectioning TM [12] and confocal microscopy are used in the Trios system, so the scanning speed per unit time is faster than that of other systems. Sandblasting on the surface of teeth and soft tissues can be omitted, which greatly shortens the operation time and improves the acceptance of patients [13] . The digital model is displayed on the screen as a three-dimensional image. The operator can rotate the model and observe the shape of the abutment from multiple angles [14] , and transmit clinical information to the studio simply and quickly. At the same time, patients are more inclined to accept the way of making digital impressions by intraoral chairside scanning [15, 16] .
Considering the complicated intraoral situation, we chose the standard gypsum model, which required that the gypsum model cannot reflect light and be easily scanned and imaged. When using Trios, we need to determine the number of scanning sheets according to the size of the area to be scanned. This is mainly to avoid data mosaic caused by repeated scanning. In this experiment, the image deformation of the three-dimensional preview was observed in the experimental groups A2, B2, and C2, This may be due to the fact that when scanning normal natural teeth, the number of scanned images was too large, so that the image was fitted when the three-dimensional image was reconstructed, which caused the image to be deformed. The thinnest veneer is 0.2mm-0.3mm, which requires an extremely high precision [17] . In the scanned image of group D2, the cutting edge of the preparation part was rough and not smooth, which might mislead the mechanic to make a veneer that didn't match the preparation body, and eventually lead to restoration failure of the veneer. Since the number of scans was increased, the data processing time was very slow. We observed that during the scanning of the anterior veneers and posterior inlays, the scanning time was greatly extended and the 3D reconstruction efficiency decreased significantly. In order to avoid data splicing during digital scanning, changing the angle to fill the unswept area is an effective way to produce a more accurate prosthesis and the scanning time can be reduced. During the scanning process, when the number of scanned sheets is about 1000, the device will be stuck, which greatly affects the scanning efficiency.
Citation
According to our experiment, if there are too many scanning sheets in the same area, it will cause data mosaic, and it will take more time for pictures to build three-dimensional images, which will result in errors and data distortion, so too many scanning sheets have an impact on the accuracy of digital impression. And further research is needed to investigate the effect of other parameter on the clinical scanning accuracy.
